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Abstract 
This work presents a review of the research carried out for TiO2-SnO2 mixed oxide system for gas sensing. 
Comparison of performance between composites and solid solutions is discussed. Microcrystalline and 
nanocrystalline solid solution prepared by sol-gel are contrasted with nanocomposites and thin films. Morphological, 
structural, electrical and optical properties of the prepared materials are given. The most important factors affecting 
gas sensing behavior are elucidated.  
 
 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
Simple metal oxides such as SnO2 and TiO2 show remarkable sensitivity towards reducing and oxidizing 
gases. However, their major drawback is a lack of selectivity, the parameter that is defined as a ratio of 
the partial sensitivity to species to be monitored to that of the interfering component. Response ξ of a 
reversible gas sensor is a state function of all variables comprising the pressure pi of each component of a 
gas mixture and temperature T, described as [1]: 
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Specificity indicates that only one of the different partial sensitivities is large as compared with others. 
Specific sensor enables to determine quantitatively the concentration or the partial pressure pj of one 
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specific component j. However, most gas sensors and especially those that operate on the changes in the 
electrical conductivity upon interaction with gas, are non-specific. In the presence of interfering gases 
they exhibit a strong cross-sensitivity resulting from the lack of specificity to a certain gas component. 
Mixed-oxide system of TiO2-SnO2 is believed to be an efficient active material for gas sensing resistors 
with improved selectivity. Chung et al [2] were the first to report on stable CH4 and CO sensors of this 
type in 1992. It has been suggested [2] that the improved gas sensing performance relies on the Schottky 
barrier formation at grain boundaries of well-developed SnO2 grains embedded in the finely dispersed 
TiO2 amorphous matrix. Since then, numerous papers appeared [3-7] among which our own contributions 
[8-13] dealing with different forms of TiO2-SnO2 system. We have studied gas sensing and catalytic 
behavior of microcrystalline ceramics, thin films and quite recently the nanomaterials. The motivation for 
these investigations relies in the unresolved problem whether the simple mixture of constituents or the 
solid solution demonstrates better sensing properties. This work presents a review of the research carried 
out for TiO2-SnO2 materials in order to compare their properties in the case of composites and solid 
solutions.  
2. Experimental  
2.1 Experimental 
2.1.1 Preparation of materials 
Different preparation techniques were applied for synthesis of microcrystalline and nanocrystalline solid 
solutions, composites and thin films. The detailed description of the methods applied was given in [8-13] 
while the summary is presented in Tab. 1. The chemical composition of the system was varied over a full 
range from 100 mol.% of TiO2 to 100 mol.% of SnO2. Sol-gel and co-precipitation were used in the case 
of solid solutions. Composites were made by mechanical mixing of commercial nanopowders of different 
grain size. Thin films were grown by reactive rf sputtering from metallic targets onto different substrates. 
Table 1. Methods of preparation employed in the case of TiO2-SnO2 materials  
 
 
2.1.2 Characterization of materials 
 
Properties of micro and nanocrystalline TiO2-SnO2 powders and ceramics were investigated by 
Brunauer–Emmett–Teller, BET, adsorption isotherms, X-ray Diffraction, XRD, Scanning Electron 
Microscopy, SEM, Energy Dispersive Spectroscopy, EDS, Transmission Electron Microscopy, TEM and 
Materials Elaboration method Sources Details 
  
polycrystalline ceramics co-precipitation 
sol-gel 
SnCl4+TiCl4 
Ti(OC3H7)4+SnCl2 
calcination at 500-600oC 
sintering at 900-1400oC in O2 or H2 
 
thin films reactive rf co-
sputtering 
RGTO 
Ti, Sn metallic targets 
with SnO2 and TiO2 
Sn (260oC), Sn+Ti 
substrate temperature up to 350oC 
controlled Ar+O2 atmosphere (gas flow 
and pressure) 
    
nanopowders 
nanocomposites 
 
 
sol-gel 
mechanical mixing 
of commercial 
nanopowders 
Ti(OC3H7)4+SnCl2 
nanopowders of TiO2 
and SnO2 of different 
grain size 
calcination at 450oC 
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optical spectrophotometry. Nanocomposites are characterized by the specific surface area SSA of 21.2 – 
158.5 m2/g and small crystallite size: 8 - 28 nm that depends on the chemical composition of the system. 
EDS and TEM measurements indicate that 50% mol TiO2 + 50% mol SnO2 nanopowder solid solution 
obtained by sol – gel is homogeneous, whereas the sample prepared by mixing is composed of separate 
TiO2 and SnO2 grains. Gas sensing experiments on TiO2-SnO2 sensors formed as circular tablets were 
performed upon interaction with H2. Detection of hydrogen was carried out over the concentration range 
of 50 - 3000 ppm at the temperatures extending from 200 to 500oC. 
Thin films deposited by rf sputtering on different substrates were subject to Rutherford backscattering 
RBS analysis of chemical composition, Atomic Force Microscopy AFM for surface roughness 
determination, XRD and optical measurements. 
3. Results and conclusions 
Basic difference between TixSn1-xO2 solid solutions and TiO2/SnO2 composites is in the electronic 
structure as shown in Fig.1. The band gap is larger for SnO2 (3.6 eV) than that of TiO2 (3.0 eV for rutile) 
and it changes systematically with x for TixSn1-xO2 solid solutions (Fig.2). However, in the case of 
nanocomposites, the direct contact between grains creates a region in which one can observe the band 
bending and a charge transfer from TiO2 to SnO2 because the conduction band maximum and minimum 
in TiO2 are above those corresponding to SnO2. The difference in the electronic structure is considered to 
be the most important factor for gas sensing behavior.  
      
Fig. 1. Basic difference in the electronic structure of 
nanocomposites and solid solution.  
Fig.2. Optical band gap Eopt as a function of composition for 
solid solutions of TixSn1-xO2.
 
Another decisive factor is the morphology as shown in Fig.3. Thanks to the increased area-to-volume 
ratio in the case of nanomaterials we can expect enhanced sensor response and lower operating 
temperature than in the case of their microcrystalline counterparts. All this makes that gas sensing 
response demonstrated in Fig.4 as a function of the chemical composition of TiO2-SnO2 mixed oxide 
systems has a maximum over the intermediate range for nanocomposites while one observes clearly a 
minimum in the case of solid-solutions. Responses of thin films of the composition close to SnO2 (x<0.2) 
are comparable to these of ceramics and slightly smaller than those of nanocomposites. 
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Concluding, it should be pointed out that the nanocomposites of TiO2-SnO2 seem to be much more 
effective in hydrogen sensing process than the solid-solutions. 
 
     
Fig. 3. SEM and TEM images of microcrystalline and 
nanocrystalline solid solutions contrasted with those of 
nanocomposites. 
Fig. 4. Sensor response as a function of composition for thin 
films, microcrystalline solid solutions and nanocomposites. 
Acknowledgements 
This work is supported by the Polish Ministry of Science an Higher Education (2009-2012) grant no. 
NN515 080 637 
References 
 
[1] Sensors, A Comprehensive Survey, Chemical and Biochemical Sensors, ed. W. Göpel, J.Hesse, J.N Zemel, Vol.2, VCH 
Verlagsgesellschaft mbH, (1991). 
[2] Chung WY, Lee DD, Sohn BK. Effects of added TiO2 on the characteristics of SnO2-based thick film gas sensors, Thin 
Solid Films 1992;221:304-309. 
[3] Dusastre V, Williams DE. Gas-sensitive resistor properties of the solid solution series Tix(Sn1-ySby)1-xO2 (0<x<1, y=0, 
0.01,0.05),  J. Mater. Chem.1999;9:445-450. 
[4] Moon WJ, Yu JH, Choi GM. Selective gas detection of SnO2-TiO2 gas sensors, J. Electron. 2004;13:707-713. 
[5] Carotta MC, Gherardi S, Guidi V, Malagu C, Martinelli G, Vendemiati B, Sacerdoti M. Electrical and spectroscopic 
properties of Ti0.2Sn0.8 solid solution for gas sensing, Thin Solid Films. 2009;517:6176-6183. 
[6] Zeng W, Liu T, Wang Z. Sensitivity improvement of TiO2 - doped SnO2 to volatile organic compounds, Physica E. 
2010;43:633–638. 
[7] Tricoli A, Righettoni M, Pratsinis SE. Minimal cross-sensitivity to humidity during ethanol detection by SnO2-TiO2 
solid solutions, Nanotechnology 2009;20:1-10. 
[8] Zakrzewska K, Radecka M and Rękas M. Effect of Nb, Cr, Sn additions on gas sensing properties of TiO2 thin films, 
Thin Solid Films 1997;310:161-166. 
[9] Radecka M, Zakrzewska K, Rekas M. SnO2-TiO2 solid solution for gas sensor, Sens. Actuators B. 1998;47:193-199. 
[10] Zakrzewska K. Mixed oxides as gas sensors, Thin Solid Films 2001;391:229-238.  
[11] Zakrzewska K, Radecka M. TiO2-SnO2 system for gas sensing-Photodegradation of organic contaminants, Thin Solid 
Films 2007;515: 8332-8338. 
[12] Radecka M, Łyson B, Lubecka M, Czapla A, Zakrzewska K. Photocatalytical decomposition of contaminants on thin 
film gas sensors, Acta Phys. Polon. A 2010;117:415-419.   
[13] Radecka M, Kusior A, Lacz A, Trenczek-Zajac A, Lyson-Sypien B, Zakrzewska K. Nanocrystalline TiO2/SnO2 
composites for gas sensors, J. Therm. Anal. Calorim. 2012;108:1079-1084. 
